Résumé. 2014 Abstract. 2014 A comparison is drawn between the dimensionless thermoelectric figure of merit of a multivalleyed semiconductor (ZT)mv and one having a single valleyed structure (ZT)sv. In the analysis both acoustic phonon scattering and ionized impurity scattering are considered. Although it is advantageous to employ a multivalleyed semiconductor in thermoelectric applications it is concluded that the beneficial effect of a multivalleyed structure is reduced with increase in carrier concentration and the presence of intervalley scattering. At a carrier concentration which optimizes the thermoelectric figure of merit, the ratio (ZT)mv/(ZT)sv for silicon-germanium alloy is reduced by approximately 40 percent.
The effect of a multivalley energy band structure on the thermoelectric figure of merit D. M. Rowe It has been generally accepted for some considerable time that a semiconductor which possesses a multivalley energy band structure should exhibit a higher value of the thermoelectric figure of merit Z than a similar material which has only a single valley. A comparison of the measured Z values for thermoelectric semiconductors supports this view. Multivalleyed semiconductors such as bismuth telluride, lead telluride and silicon-germanium alloys are the best materials over their temperature ranges of operation [1] . Previous analyses have shown that in the non-degenerate limit and neglecting intervalley scattering of the charge carriers, the figure of merit increases monotonically with the number of valleys N~ [2, 3] . In practice thermoelectric semiconductors are doped to relatively high carrier concentrations in order to optimize the materials thermoelectric properties. In the region of optimum doping, a multivalley energy band structure and the intervalley scattering may have a significant effect on the figure of merit compared to that in the non-degenerate limit.
In this note we report the results of our calculations into the effect of intervalley scattering on the figure of merit of a multivalleyed semiconductor, as a function of carrier concentration n Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyslet:0198500460104900 (expressed in terms of reduced Fermi energy ~). Assuming conduction in a single band semiconductor (electron or hole) the dimensionless figure of merit for a multivalleyed semiconductor (ZT)mv (with Nv equivalent valleys) can be expressed as [1, 4] where The reduced electrical conductivity 6e is given by where The various symbols have the same meaning as in reference [1] . Assuming that the reduced Seebeck coefficient cx' e is independent of the number of valleys and that the effect of intervalley scattering manifests itself primarily through the carrier mobility and electrical conductivity, the effect of a multivalley energy band structure on ZT can conveniently be discussed in terms of the ratio [5] In the non-degenerate limit, 2013 ~ ~&#x3E; 1 Results.
The ratio (Zr)~/(ZT)~ for Si7oGe3o alloy at 300 K is displayed in figure 1 as a function of carrier concentration. Both acoustic phonon scattering and ionized impurity scattering are considered, but without the inclusion of intervalley scattering. Both mechanisms lead to a value of N~ = 6 in the non-degenerate limit and this value decreases with an increase in carrier concentration. The pattern of the decrease in the ratio (ZT)~/(ZT)~ with carrier concentration is different for each mechanism. In the acoustic scattering case the decrease in this ratio occurs over the range of carrier concentration from 1024 to 1026 m-3, while for ionized impurity scattering the ratio remains almost constant at N~ = 6 up to a carrier concentration of 102 5 m -3 and then decreases rapidly with increase in carrier concentration.
The exclusion of intervalley scattering may not be justified, particularly at high temperatures, and intervalley scattering is likely to have a significant effect on the thermoelectric figure of merit. Acoustic intervalley scattering is included in our calculations by following a method due to Herring [6] . An expression is obtained for the temperature dependence of the carrier mobility figure 2 is displayed (Zr)~/(ZT)~ as a function of carrier concentration, assuming acoustic phonon scattering with (a) intravalley scattering, (b) intra and intervalley scattering.
The inclusion of intervalley scattering does not appreciably affect the ratio (ZT)mv/(ZT)sv at low carrier concentrations. However, as is evident from the figure, its effect increases with increase in carrier concentration. It is concluded that intervalley scattering significantly reduces the beneficial effect of a multivalley energy band structure. At optimum doping level in silicongermanium alloys (n '" 1025 m-3) intervalley scattering reduces the ratio (ZT)mv/(ZT)sv by approximately 40 %.
